Abstract. In the current low-stress cropping technology, crack initiation at the tip of bar V-shaped notch is unstable, the crack initiation time cannot be obtained, and the initial loading force is difficult to determine accurately. Aiming at this problem, the acoustic emission technology is proposed and applied to the crack initiation in this paper. A low-stress cropping experiment system based on acoustic emission is established, and acoustic emission signals containing the crack initiation of the V-shaped notch tip are acquired based on the system. The acoustic emission signal of the crack initiation is described by the multi-feature parameter correlation analysis method, the signal is further processed by Kurtosis coefficient and the crack initiation time of 45 steel bar with V-shaped notch depth of 2.5mm is obtained quantitatively, about 24s. Based on the characteristics of acoustic emission signals in the low-stress cropping process, the concept of ratio T of Intensity to Absolute Energy is proposed, which is regarded as the criterion at the crack initiation stage for the low-stress cropping. The research finding shows that when the value of ratio of Intensity to Absolute Energy is between 1 and 10, this stage corresponds to the initiation stage of cracks. The low-stress cropping experimental results also further prove that the crack initiation can be judged by means of AE signal.
Introduction
In the machinery manufacturing industry, the cropping of metal bar is widely used in the procedure for preparation such as die forging, rolling bearing roller, auto parts production and so on [1] . At present, there are mainly three kinds of traditional cropping methods in industrial production: cutting of machine tool, shearing blanking and oxygen-acetylene cutting. However, these cropping methods have many disadvantages to some degree, for instance, unsatisfactory cropping quality, irregular cross-section, low repeatability of cropping length and quality of blank part, etc [2] . In order to better meet the requirements of precision cropping, a low-stress cropping method, which is designed based on fracture, comes into being [3, 4, 5, 6] , which makes the bar fracture under the low-stress level to obtain work blanks with no geometrical distortion, vertical fracture and no cutting chamfering. The cropping method takes full advantage of stress concentration effect of V-shaped notch and bending effect. However, the low-stress cropping results in recent years show that it is very important to determine the crack initiation stage and crack initiation time of V-shaped notch tip accurately, because it is related to the initial critical loading force and the cropping efficiency. In addition, the pursuit of the cropping time and the cross-section quality for a section of metal bar is often a pair of contradictions. That is to say, if the initial loading force applied to the metal bar, is controlled to make the V-shaped notch tip have crack rapidly and expand slowly, the quality of the cross-section will be higher. If the initial loading force is controlled to make the V-shaped notch tip have crack rapidly and expand rapidly, the cross-section quality will be poor. Therefore, it is very important to obtain the appropriate initial critical loading force and variable frequency-loading curve between the loading force and the time [7] in the whole cropping process. However, at present, the determination of initial critical loading force is mainly obtained based on estimation by fracture mechanics and the limited empirical data, which often makes the cropping time and cross-section quality unsatisfactory because the initial loading force is not suitable. Therefore, the acoustic emission technique is proposed and used to study the crack initiation of V-shaped notch tip. The advantage of acoustic emission is that it is a dynamic nondestructive testing technology, the measured signal comes from the specimen itself [8] . The research results show that AE technology can be used to detect and evaluate the generation and propagation of cracks, and it can display the dynamic characteristics of cracks in time [9, 10, 11] . Therefore, it is very suitable for detecting the crack initiation in low-stress cropping process, which is often in an environment of vibration and noise. However, there are few studies on the relationship between crack initiation stage and AE characteristic parameters. In particular, this research is less about how to use the AE parameters to judge the entry of V-shaped notch tip into the crack initiation stage. Therefore, it is very necessary to further study the relationship between the characteristic parameters of AE and the crack initiation process. In the early studies of scholars, the size of initial crack is defined between 0.05mm-0.5mm [12] , and the initial crack size of the V-shaped notch tip of metal bar is determined to be about 0.3mm in this paper, and the crack initiation process of metal bars with V-shaped notch is studied by the AE technology in detail.
Low-stress Cropping System Based on AE
In order to determine the crack initiation time of V-shaped notch tip and study the relationship between the change of AE signal and the crack initiation degree, a low-stress cropping system based on AE is designed in this paper as shown in Figure 1 and Figure 2 . The system is mainly composed of low-stress cropping device, full-information AE signal analyser, gain adjustable amplifier, AE sensor and frequency conversion control system. The metal bars with diameters of 8mm to 15mm and larger notch depth is mainly studied and analysed using this device.
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The principle of cropping system based on AE is shown in Figure 3 . First, the V-shaped notch at intervals along the surface of metal bar is prefabricated. Then one end of the slotted bar is sent under the cam, which is connected to the main shaft on the low-stress cropping device, and the other end of the bar is fixed in the movable clamping mechanism. When the cropping system works, the cam will provide the extrusion force acting on the bar. By adjusting the frequency of the variable frequency motor, the force can be changed in the cropping process. The movable clamping mechanism is used to adjust the loading position of the bar, and change the force arm of the bar dynamically. Based on it, the stress state of V-shaped notch tip is changed, which can carry out the effective control of crack initiation and achieve the cropping with high efficiency and low-stress. This cropping method makes full use of stress concentration effect of V-shaped notch and bending effect, and the brittle fracture of materials at the low-stress level is achieved. The locations of the AE sensor and the bar are shown in Figure 1 and Figure 2 . The AE sensor is fixed on the surface of metal bar by magnetic fixator and coupling agent, and it is connected to a gain adjustable amplifier. 
Theoretical Analysis of Crack Initiation Time Based on AE Signal
The full-information AE signal analyzer is used to study the AE signals at the crack initiation stage of V-shaped notch tip in the low-stress cropping process, and to further analyse the crack initiation time. The technical parameters of No. 45 steel bar with V-shaped notches are shown in Table 1 . The AE signal analyzer is set up to continuously collect AE signals at 3MHz acquisition frequency, the bandwidth is 100kHz to 1000kHz and the sampling frequency of data card is set to 2.5MHZ. Because the bar material is 45 steel, the threshold is 35dB. In addition, the low-stress cropping device is connected with the full-information AE signal analyzer during the test, and they are connected to the ground by means of wires in order to eliminate part of the noise interference. In order to ensure the smooth start of the low-stress cropping system, the initial speed of the spindle of low-stress cropping device is 670r/min, that is, the frequency converter starts at 12Hz. Because the starting frequency is too low, it is easy to cause failure of low-stress cropping. If the starting frequency is too high, the safety risk coefficient in the cropping will be increased. The cut-off speed of the spindle is set to 3600r/min. In the low-stress cropping process, the tip of the V-shaped notch will produce fine cracks, and the cracks continue to expand until the bar breaks with the regular increase of the loading force. Based on association analysis, treatment and evaluation of change of the characteristic parameters of AE signals with time, Multi-feature parameter correlation analysis method is used to obtain the real-time activity status and development trend of V-shaped notch tip material [13] . In the low-stress cropping process, the AE multi-feature parameter correlation diagram contains the signal characteristics of material state change of V-shaped notch tip at the crack initiation stage or at the crack propagation stage. Among the many AE characteristic parameters, the cumulative ring-down count is proportional to the released strain energy during the loading process, which can well reflect the change of material damage characteristics. For the metal bar with the notch depth of 2.5mm, correlation diagram of RMS Voltage and cumulative ring-down count with time is shown in Figure  4 . The correlation diagram between RMS Voltage and time is very consistent with the actual crack initiation stage and the crack propagation stages of the bar V-shaped notch tip, and the phased characteristics are also obvious. At the initial stage of crack initiation, the curve slopes of RMS Voltage and cumulative ring-down count are all low, and the intensity of RMS Voltage is also relatively low. With the crack initiation of the V-shaped notch tip, the intensity of the RMS Voltage has a certain jump, the intensity of AE signal is obviously enhanced. At this time the slope of the cumulative ring-down count has also changed, and a significant mutation point of slope is observed. With the cropping process going on, the crack at the tip of the V-shaped notch shows regular steady growth, the intensity of RMS Voltage is maintained at an obviously higher level at the whole stage of crack propagation than other stages. At the same time, the slope of cumulative ring-down count curve is higher. At the stage of instability and bar fracture, the intensity of RMS Voltage is a zigzag descent until the low-stress cropping ends. 
Study on Crack Initiation Time in Low-stress Cropping Process Based on Kurtosis Coefficient
In the low-stress cropping process, the crack initiation of the V-shaped notch tip has some randomness and complexity because of the interference of environmental factors and it is very difficult to judge only by simple mechanical analysis. Therefore, it is necessary to find a method to obtain the crack initiation time by further statistical analysis of the Multi-feature parameters of AE signals, which can be indirectly obtained. In statistics, the kurtosis coefficient is used to describe the statistic characteristics of the steepness of all values distribution patterns and it can intuitively represent characteristic parameters. Therefore, RMS Voltage in the low-stress cropping process is studied based on the kurtosis coefficient. The kurtosis coefficient is expressed as In Eq.1, x i is specific sample values, n is the sample number, x is the sample mean, m 2 is the variance of the sample, m 4 is four-order central moments of samples. The kurtosis coefficient is usually used as the statistical parameters of time to analyze the waveform of AE signals [11] , the values of the larger outlier usually have a more important effect on the kurtosis coefficient, and the low amplitude noise signals will be weakened. Figure 5 shows the kurtosis coefficient in the low-stress cropping course. Due to the release of elastic energy at the crack initiation stage, the ring-down counts and amplitudes of AE gradually also increase, the kurtosis coefficient is at a relatively high level. There is an obvious mutation of the kurtosis coefficient at 24s, and it shows the obvious stage characteristics. As the cracks at the tip of V-shaped notch enter the stable expansion stage, the kurtosis coefficient gradually decreases and remains at a relatively low level. After a period of steady expansion, the kurtosis coefficient increases again and the cracks at the tip of V-shaped notch enter the instable stage. The bar is fractured and the cropping course is completed. In low-stress cropping, compared with the ring-down count, amplitude and mean square value of AE, the kurtosis coefficient has better robustness. Therefore, it can better separate different crack stages of low-stress cropping.
In the process of low-stress cropping experiments based on AE, in order to further verify the crack initiation time of V-shaped notch tip, shut down the cropping system when the blanking time reaches 24s. The crack state of V-shaped notch tip, which is magnified 100 times by the microscope, is observed and the experimental results are shown in Figure 6 . Compared with the V-shaped notch without cracking bar as shown in Figure 6 (a) , the tiny cracks in the V-shaped notch tip can be observed clearly as shown in Figure 6 (b) . After measurement, the crack length is about 0.3mm. This further proves that the crack initiation time is about 24s for the metal bar with the notch depth of 2.5mm. 
Criterion at the Crack Initiation Stage for Low-stress Cropping Based on Ratio of Intensity to Absolute Energy
Due to the interference of vibration and noise, there are many deficiencies of parameters, which are obtained by the full-information AE signal analyser in the low-stress cropping. This is mainly reflected in the existence of large dispersion of data, and the turning point of data is not clear enough. Therefore, the concept of ratio T of Intensity to Absolute Energy is proposed in this paper.
In the characteristic parameters of AE signal of low-stress cropping, the trend of signal intensity and absolute energy is closely related to the crack initiation and the crack propagation stages of V-shaped notch tip. Absolute energy is the characteristic value that represents the impact of AE on real energy [14] , and signal intensity is an important parameter of AE signal which is directly related to the magnitude of AE events. Therefore, the two characteristic parameters are selected for further studying on the fracture stage of the bar. The ratio of signal intensity to absolute energy is used to construct a new variable T, that is, Ratio T of Intensity to Absolute Energy and it is expressed as where, I is intensity of AE signal, and E is absolute energy of AE signal.
Five sets of low-stress cropping tests based on AE are carried out. The value ranges of the ratio T, which mainly includes that the V-shaped notch tip is not cracked and cracked, are statistically analysed, and the results are shown in Table 2 . Take Test 3 as an example, comparison of signal intensity and absolute energy is shown in Figure 8 , and correlation diagram of T and time is shown in Figure 7 . As shown in Table. 2 and Figure 8 , The values of T are far greater than 10, basically between 150 and 190 when the V-shaped notch tip is not cracked. At the crack initiation stage, the value of T is between 1 and 10. Combined with Figure 4 and Figure 5 , it can be seen that the crack initiation time is just in the time range when the value of T is between 1 and 10. Therefore, Ratio T of Intensity to Absolute Energy, whose value is between 1 and 10, is taken as the criterion for the crack initiation stage of V-shaped notch in the low-stress cropping. 
Analysis of Crack Propagation Stage Based on Ratio of Intensity to Absolute Energy
After many cropping experiments, the value ranges of T at the crack propagation stage in the low-stress cropping are statistically analysed, and the results are shown in Table 3 . As shown in Table 3 , when the crack at the tip of the V-shaped notch enters the stable growth stage, the value of T is between 0 and 1, basically between 0.61 and 0.87 and the fluctuation amplitude of T is very small as shown in Figure 9 . Macro-cracks occurs in V-shaped notch at this stage and the crack propagation is stable. 
Conclusions
1. The AE technology is proposed and applied to the crack initiation of low-stress cropping in this paper. A low-stress cropping experimental system based on AE is established, which is mainly composed of low-stress cropping device, full-information AE signal analyser, gain adjustable amplifier, AE sensor and frequency conversion control system. The experimental results show that the system can effectively detect and evaluate the state of crack in low-stress cropping process. Through data acquisition and signal analysis and processing, AE signals including the crack initiation of the V-shaped notch tip are acquired. 2. Based on the Multi-feature parameter correlation analysis method, it has been shown that correlation diagram of RMS Voltage and cumulative ring-down count with time can well characterize the damage process of cracks at V-shaped notch tip.
3. At the crack initiation stage, there is an obvious mutation of kurtosis coefficient. With crack propagation into dynamic equilibrium stage, the kurtosis coefficient gradually decreases and remains near a relatively low value. By analysis of kurtosis coefficient, the crack initiation time of 45 steel bar with V-shaped notch depth of 2.5mm is obtained quantitatively, about 24s.
4. A new variable, ratio of Intensity to Absolute Energy, is constructed. It is proposed that ratio of Intensity to Absolute Energy is regarded as the criterion at the crack initiation stage for the low-stress cropping. The research finding show that when the value of ratio of Intensity to Absolute Energy is between 1 and 10, it represents the crack initiation stage of the V-shaped notch tip. When the crack at the tip of the V-shaped notch enters the stable growth stage, its value is between 0 and 1. The cropping experimental results further confirm the validity of using AE signal to judge the crack initiation of V-shaped notch tip, which will lay a foundation for subsequent research on real-time crack detection and acquisition of initial critical loading force in the low-stress cropping.
